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Study of photoresponse in the electrical conductivity of
crystalline materials by using spectroscopic techniques
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In this dissertation, the photoresponses in the electrical conductivity of crystalline
materials by using spectroscopic techniques are presented. The main purpose
of this study is to investigate how ligh£ can perturb the electrical conductivity of different electronic
and ionic  conductors, since it is very important to realize the
mechanism of photoirradiation to induce phase transitions or to control the
electrical properties by photoirradiation.

Time-resolved measurements were carried out for quasi-two-dimensional organic
superconductors  B-(hg-BEDTTTF),l;, and its deuterated analog B-(de-BEDTTTF).L
by using nano-second pulsed laser. Time profiles of the photoinduced resistance change were
measured at temperatures near the two superconducting phase transition temperatures,
and the transient increase of the resistance was induced by photoirradiation at
all the temperatures in the studied range. The difference between the photoresponse signal
intensity and the derivative of R(7) versus T at the lower side of the high-7 superconducting state
confirms the presence of the non-bolometric effect in the observed photoresponse. The
decay profiles of the Aresistance change are longer in the normal metallic state than those

at temperatures below the high-T;. transition temperature. The marked temperature dependence
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of the decay time also suggests nonequilibrium effects as the origin of the photoresponse.
To elucidate the mechanism of the observed photoresponse, the isotope analog of the salt, i.e.,
B-(ds-BEDTTTF),l; was also investigated and on the basis of the experimental results a possible
mechanism of the photoinduced change in the electrical conductivity is argued.

The photoirradiation effect on the electrical conductivity of organic Mott-insulator,
k-(dg-BEDTTTF),Cu[N(CN),]Br, was also investigated by using time-resolved technique with
a nanosecond pulsed laser. This salt is positioned at the border of the antiferromagnetic and
superconducting phase boundary in the pressure-temperature (P-T) phase diagram.
The photoinduced changes in the electrical conductivity were measured for the temperature range
of 80 K to 2.7 K Photoinduced enhancements in the conductivity were observed at
all the temperatures within the measurement range and the enhancement
shows significant temperature dependence. The photocurrent had a maximum at 30 K.
Photoinduced insulator to metal phase transition was obtained and non-bolometric effect is argued
for the observed photoresponse.

The photoirradiation effects on the ionic conductivity of Kl-treated polycrystalline -Agl were
also investigated by using complex impedance spectroscopy at liquid nitrogen temperature
(77K). A gigantic enhancement in the ionic conductivity, that is, three orders of magnitude
decrease in resistance can be induced by photoirradiation. Reversible switching between low and
high resistive states is also possible to be induced by photoirradiation. This gigantic photoinduced
change in the ionic conductivity is explained in terms of distortion of the B-Agl lattice
following the generation of photoinduced electron-hole pairs.

From the observed results it can be concluded that photoirradiation can make changes in the

electrical conductivity of materials and thus photo-control of electrical properties is possible.
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Study of photoresponse in the electrical conductivity of
crystalline materials by using spectroscopic techniques
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REHTTIE, IR D 2 A EEMBEEEB L1 F 2 BROERREEND,
WHREHTE D EDOLDITEET BH. EWVIYEIZBET DR EENR & CFEI T
IZX DTN FERIESINT VNS, AAFEORDRELZBEL, JCRHFITI D EF
IZBITHHEREFEL -0 HINEHBHFICKX VETFREEZATEICHETSZ &
ThHd., TODIT, B OETRERL2ETH2UEBIVEL D1 7 A=8F
EATAMEE RIS, RFICXO INSORKENREDLSIZERILTH00. FL
THFOIEIIE DL D2 b ONEFRARDEREITHO TS,

SHRE LRI O—DI3E 2 Rt OERESEEZ B T 5 EATTF L > OF AT D
F7 NN > EATENS L LHPROBEE (B-(he-BEDTTTF),L) BLUEDEK
#(W (B-(ds-BEDTTTF)L) TH5., WTNHMKE TIIBHEERIT/RD I L5
NTHD, LOHEELLBREEBIRE (To) N D0H5I /M6 NTVWS, &
BAIOTL 78K TH O, {KRAIOTII~1.5KTH D, TNSDRERET, -/ B0
RREZA T2/ UVA L —Y—NERET 5 Z EICX DB S NSHIEHIEE LD
BAEEIT> TS, WTIOREISH E/2 EDOREIZBNTH LR 2 LIKFE
MAELRB I EARENTVNS, &SNHETHEDOIUSE L DOREEKFE S K1
EOBEEKEREO T Oy ML TE SN2 — KO EOREKEEO Oy hED
el S, 185 - EHEAN ORI RIIRIIC L D ERT 2RI L D5 H DT
75, NEEE DR TH LB ERL TS, LNDNREICL AP EOELE
DR & ST L T BBOBEEEIL. £ TIIBANE ), BEEETER
EUTTERERITRLS /2D, EVHERMESNTNS, INSEFIEDICRGNR
ERFE EEAE Y THET A Z EICXD, ORI BT 2BEXGEEADK
REIROEEZERL TV D,
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Ty MEERAELE L THAISHNAERIFL > IPFFF RNSF 7 INNL > OEKE
L3170 573 5 x-(ds-BEDTTTF),Cu[N(CN),]BriZ DWW T h AW EERIZ bz > TF /
BV AL—H—XRHICE 0 4 U2 EROBBMREE 217> T\5, ZOWE
DKRFIHER TS TH 2D, KR TIIBEEAE R ENHSNTVWS, —
7. AR THRNIZEAREYOF L. ELREOHKIZBWT, KGRkt sBirE
HOBEHOE LR TR LICMEL T, #E, JBTIHERHETRT 52 &
RSN TS, ZOREIORERZEIRIC 80 KNS 2.7 K TOREFERTES
CEEANONBHFHIREFTANTN D, ZOE, COREICBVWTHLHRBHICLVE
S[UGBEEDEMT 5 Z EAVRINZ. LD Z O RN RIS R R 2R
TENMHSHIEINZ. FIZE. EHETOHDOIHREORD &3 BamcEmns 2
VI TH DA, KR K2 EHEOR/R (BRKEEEDEMN) 1330 KTRAIC
BB ENREN . ZDOXIREBEZHEEBEDONGEL. HGEN S SBADNER
EBERL TV EEHINZ, LD ZONMEIL. BEISEOETH D, HE
EIZKDELBBIZL D HOTII RN 3w INTN S,

Fr UT =1 F 2 THLIMEAIZ DN THERGEEADHBRUELSTHRSN
TWa, BERICHE, 1A 2ERELTESASN TSI TR (Ag) O1F>
CBEANDNBIIRE, WHREREEIIBWTT D E—F > ANEEANWTHEN
TN%, UYL TUEL 72BHDAGSAERZDR L v R&ER L. a—)La—
W7oy hERIELZEZ S, TTKTIRFEHA— LA — 5 —DEF £ R TEINRRS
NTND, TIITK 430 nmDAERET 5 &, EFUENSRISH/NE LR, 142 1%
BEOHRE ERENBERISNTOS, HBHEZ by 795 L3R~ I2EmL.
R Y SIFEE—EICT 5 &ICKD., EHiEEZ—EIR DI &N TES, F2T.
RN ERINEX by T U BOBERMEZ I hO—)L 332812k, Kl
EXHIIB LS EDRN wF U THEBROND Z 2SN L. TO1H 5
BENOEETCRITROBEICEAL THERET> TN,

AREMRBESHEAB LU F D Bk ERNRICERIREEZICL DI FO—)L T
EHTEBIRLIZN, INSEISIIREITZHEICLD, YEEREOBMLGE, Ho0
W FRDOBA F U MREORBRABE T N i ah 3,

BHEZRFIL, NSOBREESHEL, X% EEL TRENDERLTH
0, REGELRRICHBIT2RECBEE R EbHbY, BN EL SRS
DM EZITDDICTHAIBEBRERTDHDEHFE L.
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